SUMMARY The reported circadian rhythm of blood pressure variability with a rise in pressure before awakening has been the subject of controversy. Previous studies have suggested that since heart rate continues to fall before awakening while blood pressure is rising these physiological variables are subject to different control mechanisms. To evaluate further the dissociation of heart rate and blood pressure changes in a group of patients with a fixed heart rate, 11 patients who were dependent on ventricular demand pacemakers underwent intra-arterial ambulatory blood pressure monitoring. Nine aged matched control subjects followed the same protocol. Circadian curves plotted from pooled hourly mean data showed that despite a fixed heart rate the circadian pattern persisted, although attenuated, with blood pressure rising several hours before its rapid rise on awakening. Physiological testing showed that despite a fixed heart rate systolic blood pressure rose in response to bicycle exercise, there was a postural fall in the blood pressure on tilting and a modified Valsalva response. There was considerable beat to beat variability resulting presumably from asychronous pacing. Hour to hour changes did not contribute to the differences between the two groups and were not responsible for attenuation of the circadian rhythm. It is concluded that blood pressure and heart rate control mechanisms may be dissociated, particularly in the period before awakening.
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Intra-arterial ambulatory monitoring has clearly shown the variable nature of the blood pressure, although this has proved difficult to quantify.1 Millar-Craig et a12 reported a circadian rhythm of blood pressure in which the highest peak occurred in the morning falling gradually during the day and a second peak in the early evening falling to a nadir at 0300 hours. After this nadir the blood pressure rises gradually until the time of awakening, when there is a rapid rise related to arousal. Interestingly, the mean heart rate continues to fall until the time of awakening. This dissociation of heart rate and blood pressure has suggested separate regulatory control mechanisms for blood pressure and heart rate. These data have been the subject of controversy,3 which we have sought to resolve by studying patients with a fixed heart rate produced by ventricular pacemakers. In addition, this study provided an opportunity to study blood pressure variability in patients without heart rate variability. Data analysis was performed using a computer which allowed beat by beat extraction of systolic and diastolic blood pressures and heart rate. 6 The hourly mean systolic and diastolic blood pressures and heart rates were calculated, and circadian trend plots drawn ( Fig. 1 ) as described.2 The results were then subjected to statistical analysis to assess short term and long term variability.
Short term variability was quantified by generating distributions of beat to beat differences in blood pressure and pulse interval (from which heart rate was derived) over periods of one hour. Every such distribution had a mean very close to zero, but other measures such as the variance are a sensitive measure of beat to beat irregularities, however short lived.
Long term variability was analysed using two For analysis of the physiological testing, calibration and arterial waveforms were printed out using a high speed fibreoptic recorder. Systolic and diastolic pressures were derived using a purpose built chart digitiser linked to a microcomputer with reference to the' standard calibration markings.
Results

AMBULANT RECORDINGS
The 24 h trend plot (Fig. 1) showed the same diurnal pattern of blood pressure for both pacemaker patients and age matched control subjects, although the curves for the former appeared attenuated. The plot of mean pressure for the paced group reached a nadir at 0100, two hours earlier than for the control group. The pressures then rose gradually with an increased rate of systolic pressure rise after arousal at about 0700.78
The amplitude of the circadian pattern was less in the paced group than in the hypertensive group.
Circadian rhythm of blood pressure in patients dependent on venticular demand pacemakers The standard deviations of hourly means (Table) showed that the systolic and diastolic pressures were less variable in the paced patients than in the control group; the mean hour to hour changes (Table) were similar for systolic pressure with only a small difference for diastolic pressure. Despite the apparently satisfactory paced rhythm, there was considerable beat to beat variability of blood pressure (Fig. 2) mainly as a result of atrioventricular asynchrony but also because of extrasystoles. This was reflected in the diurnal analysis of the beat to beat variability (Fig. 3) , which showed that the systolic pressures were more unstable than in the control group. The beat to beat pulse interval was irregular in both groups because of ectopic activity. These effects were sustained over the whole 24 h period.
PHYSIOLOGICAL TESTING
Head up tilt-There was a small postural fall in systolic and diastolic pressures; one patient became symptomatic as her blood pressure fell to 93/49 mm Hg (Fig. 4) .
Carotid sinus massage-No patient showed a vasodepressor response to vagal stimulation.9 As they were all in paced rhythm no changes in the heart rate were seen.
Valsalva manoeuvre-A normal response to the Valsalva manoeuvre for a period of 10 seconds was seen in the control group; there was an initial increase in arterial pressure followed by a fall associated with a reflex tachycardia (Fig. 5) . At the end of the manoeuvre there was a pronounced overshoot of systolic pressure, which was absent in the paced group as was the reflex tachycardia.
Cycle ergometry-Only six paced patients were able to perform cycle ergometry, and data for age and sex matched patients with hypertension were available for only four (Fig. 6 ). The heart rate of the paced patients did not rise in response to exercise. The systolic pressure, however, showed a rise on exercise, whereas the diastolic pressure remained unchanged. lying this pattern; others argued that this merely reflected arousal or heart rate changes.3 10 The data which showed a rise in pressure before awakening were criticised as no allowance had been made for the varying times at which patients awoke,3 but normalisation around the time of awakening showed clearly the preawakening rise and that mean heart rate continued to fall until the time of awakening.7 Mann et a18 reported that physical activity makes only a slight difference to the circadian rhythm in that, although the diurnal variation was less pronounced after a day of bed rest, the preawakening rise persisted during a day of controlled activity and bed rest.
In this group of patients we were able to study changes in blood pressure in the absence of changes in heart rate. Activity was not standardised because it appears to have little effect on the overall shape of the circadian curve.8 It was particularly interesting to note that the blood pressure in the paced group started to rise two hours earlier than in the control group despite satisfactory sleep reported on the patients' diary cards. The circadian rhythm of blood pressure in the paced patients was still present although considerably "flattened". This could have been caused either by an absence of the normal heart rate response or by a reduced level of physical activity in the paced patients. The control group were not true normal subjects but were hypertensive patients; data on true normal subjects were not available because of the advanced age of the paced group. It has, however, been shown that hypertensive patients have a reduction in day-night differences of blood pressure,9 and it was interesting to observe that the blood pressure curve in the paced patients was even more attenuated. It is clear from this data that this was not due to any change in hour to hour variability.
Ventricular demand pacing is known to be haemodynamically inefficient because the contribution of the atrium to the stroke volume is lost. '1 12 This loss was constant throughout these studies, but it is difficult to envisage that this should have any effect on long term variability. On the other hand, when short term or beat to beat fluctuations were scrutinised, it was clear that this atrioventricular asynchrony was important and was responsible for as much as 50-60 mm Hg beat to beat differences in systolic pressure (Fig. 2) . This probably reflects the variability of stroke output produced by atrioventricular asynchrony,'3 but it has been suggested that these blood pressure fluctuations may be caused by a failure of the normal compensatory response of peripheral resistance to a fall in cardiac output perhaps as a result of inappropriate stretching of atrial receptors during ventricular systole.
A similar effect was also produced by ventricular extrasystoles, and it was obviously important to differentiate and quantify both. Recordings of both paced and control groups were further analysed with respect to the electrocardiographic signal by playback on to ultraviolet paper and hand counting of extrasystoles. Only one patient from each group showed a degree of ectopic activity which produced any haemodynamic disturbance (>50 extrasystoles per hour), and these were excluded from a repeated statistical analysis. This showed a reduced pulse interval variability in each group as expected, but the considerable difference in variability of systolic pressures persisted.
In conclusion we found that in a group of patients with a fixed heart rate due to pacemaker dependence the circadian rhythm of the blood pressure persists. This finding lends weight to the suggestion that there are separate autonomic control mechanisms for heart rate and blood pressure. 
